Effects of phorbol esters and a diacylglycerol on the mouse sperm acrosome reaction induced by the zona pellucida.
Capacitated mouse sperm undergo the spontaneous acrosome reaction in suspension and the zona-induced acrosome reaction when bound to isolated, intact zonae pellucidae. The zona-induced acrosome reaction in the mouse resembles, in part, ligand-receptor-mediated exocytotic processes that occur in some somatic cells. Since such processes have been shown to be mediated in part by protein kinase C-catalyzed protein phosphorylation, the effects of phorbol esters, which are potent activators of this kinase, on both the spontaneous and the zona-induced acrosome reaction were examined. At concentrations up to 10 microM, 12-tetradecanoyl phorbol-13-acetate (TPA) had no effect on the time course of the spontaneous acrosome reaction as scored by the chlortetracycline (CTC) fluorescence assay. Capacitated, acrosome-intact sperm display Pattern B in the CTC assay with fluorescence on the anterior head; fully acrosome-reacted sperm display Pattern AR with no fluorescence on the head. The time course of the loss of Pattern B in the zona-induced acrosome reaction was markedly accelerated by 65 nM TPA as compared to controls, whereas the appearance of Pattern AR was retarded. The appearance of Pattern S, which is characterized by punctate fluorescence on the head and which marks an intermediate state between Pattern B and Pattern AR in the controls, was accelerated by 65 nM TPA to the same extent as the loss of Pattern B at early times post-binding to zonae. The disappearance of Pattern S at later times post-binding to zonae was retarded by 65 nM TPA to the same extent as the appearance of Pattern AR. The transitions between the fluorescence patterns, designated the B-to-S and the S-to-AR transitions, therefore define two stages of the zona-induced acrosome reaction, which are affected in opposite directions by TPA. The effects of 65 nM TPA are mimicked by 60 nM 4-beta-phorbol-12,13-didecanoate (4-beta-PDD) while the 4-alpha isomer is without effect. Such stereospecificity is similar to that reported for the activation of protein kinase C. The diacylglycerol, 1-oleyl-2-acetylglycerol, which is also known to activate protein kinase C, mimicked the effects of TPA and 4-beta-PDD on the time courses of the B-to-S and S-to-AR transitions. These results suggest that protein kinase C may play an intermediary role in the zona-induced mouse sperm acrosome reaction.